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© Pump means (2) transfer liquid in a liquid chan- 
nel (12, 16) including a medical device (1). Motor 
means (4, 204) drive said pump means (2). Dial 
means operated by an operating unit adjust the 
number of rotations of said motor means (4, 204). 
First display means (5) display the number of rota- 
tions set by operating said dial means (24) by said 
operating unit when said pump means (2) is stop- 
ped. Detecting means dectect a real number of 



rotations of said motor means (4, 204) while said 
pump means (2) is driving ; and second display 
means (5) display the real number of rotations de- 
tected by said detecting means. Said operating unit 
operates said dial means based on the set number 
of rotations and the real number of rotations respec- 
tively displayed on said first and second display 
means, and adjusting the number of rotations of said 
motor means (4, 204). 




FIG. 6 
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The present invention relates to a medical 
pump driving device and, more particularly to a 
medical pump driving device having a function of 
setting the number of rotations of the medical 
pump, and display means for displaying the set 
value of the number of rotations. The present in- 
vention also relates to a medical pump driving 
device which removes bubble existing in a liquid 
channel including a medical pump and the other 
medical devices. 

Generally, in an external circulation using a 
medical device for artificial lungs and the like or an 
auxiliary circulation, a medical pump such as a 
centrifugal pump is used as means for transferring 
liquid such as blood or Ringer's solution. 

In case that liquid is transferred to a human 
body by the medical pump, the number of rotations 
of the pump is set in advance before a beginning 
of the pump driving. Since liquid flow rate is sub- 
stantially proportional to the number of rotations of 
the pump, the number of rotations of the pump is 
set by rotating a dial on an operation panel. In 
other words, an operator obtains the number of 
rotations of the pump corresponding to the liquid 
flow rate at the time of operation, and adjusts a 
scale of the dial to the obtained number of rota- 
tions of the pump. Normally, by the the operator, 
the dial is made one rotation or 10 or more rota- 
tions for obtaining accuracy. 

However, in the conventional pump driving de- 
vice, the number of rotations i.e. rounds per minute 
(r.p.m) of pump is not displayed on the panel until 
the pump is actually driven. Due to this, if the 
pump driving is begun without preparation, liquid is 
intensively transferred by depending on the set 
value (the value of the dial scale corresponding to 
the predetermined number of rotations of the 
pump). Particularly, in the external circulation using 
the artificial lungs, if blood is intensively transferred 
to the human body, a patient often falls into a 
dangerous state. Therefore, for safety, the operator 
once returns the dial to a minimum of the scale, 
thereafter the pump driving is begun, and the dial 
is rotated little by little so as to gradually increase 
the number of rotations of the pump. Then, the 
scale of the dial is set at the set value, and finally 
reached to the predetermined number of rotations 
of the pump. 

As mentioned above, in the conventional de- 
vice, the operator must monitor the dial scale dur- 
ing the operation, the operation is complicated, and 
an excessive load is forcibly imposed on the oper- 
ator. Moreover, in case that the centrifugal pump is 
used and the number of rotations is small, there is 
danger that blood will flow backward. 

There is a case that the medical device for the 
artificial lungs is connected to the medical pump 
and the auxiliary circulation is performed. In the 



auxiliary circulation, if bubble exists in the blood 
channel, a serious trouble occurs. Particularly, the 
operation for removing bubble from the blood 
channel of an external circulation circuit of the 
5 artificial circuit is extremely important. This is be- 
cause a large number of hollow fiber membranes 
and complex and narrow channels such as a tube 
and a connector, and the like are provided in the 
blood channel of the external circulation circuit of 
w the artificial lung. 

Due to this, a so-called priming operation is 
performed before the auxiliary circulation. The 
priming operation is that the blood channel is filled 
" with Ringer's solution, and that bubble is removed 
75 therefrom. In general, in the priming operation, 
vibration is applied to the blood channel as the 
pump is driven at a constant speed, thereby re- 
moving bubble from the inner wall of the channel. 
However, great skill is required to the operator 
20 so as to perform such the priming operation. Also, 
a long period of time is needed to perform the 
priming time. Therefore, the operator cannot freely 
leave the operation panel, and the operator's move- 
ment is restricted. 
25 In recent years, attention has been paid to EBS 
(Emergency Bypath System). EBS is that the auxil- 
iary circulation is manually performed on the spot 
in a situation that the external circulation circuit of 
the artificial lungs must be used in the patient at 
30 once. In the auxiliary circulation, blood is bled from 
a femoral vein of the patient, and passed through 
the artificial lungs. Thereafter, blood is returned 
from a femoral artery. However, since the conven- 
tional priming operation is complicated and needs 
35 much time, this generates a big trouble in perform- 
ing EBS, which needs emergency. 

It is an object of the present invention is to 
provide a medical pump driving device which can 
remove bubble from a liquid channel passing 
40 through a medical pump, an artificial lungs, a tube, 
and the like without a complicated operation for a 
short period of time. 

Moreover, it is another object of the present 
invention to provide a medical pump driving device 
45 . which an operator can safely operate without op- 
erating the adjustment of a dial scale on an opera- 
tion panel. 

The medical pump driving device of the 
present invention comprises pump means for trans- 

so fem'ng liquid in a liquid channel including a medical 
device, motor means for driving the pump means, 
and bubble removing means for removing a bubble 
from the liquid channel including the medical de- 
vice by transferring liquid by the pump means. The 

55 bubble removing means comprises setting means 
for setting various types of set values to intermit- 
tently drive the motor means, set value storing 
means for storing the set value set by the setting 
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means, and intermittent drive control means for 
intermittently driving the motor means based on 
the set value stored in the set value storing means. 

According to the above-structured medical 
pump driving device, the pump means is intermit- 
tently driven by the motor means based on the 
various types of set values stored in the storing 
means. Therefore, the bubble in the liquid channel 
can be automatically and efficiently removed there- 
from for a short period of time. 

Moreover, the medical pump driving device of 
the present invention further comprises constant 
speed driving control means for driving the motor 
means at a constant speed, and mode changing 
means for changing a first mode by the constant 
speed drive control, means and a second mode by 
the intermittent drive control means. 

According to the above-structured medical 
pump driving means, the first mode in which the 
pump means is driven at a constant speed and the 
second mode in which the second mode in which 
the pump means is intermittently driven can be 
arbitrarily set. Therefore, in the case that the oper- 
ator determines, that no intermittent drive is need- 
ed, the constant drive can be easily selected. 

Moreover, priority order setting means for set- 
ting the first mode prior to the second mode may 
be provided. 

Furthermore, bubble detecting means for de- 
tecting bubble in the liquid channel may be struc- 
tured such that the intermittent control means con- 
trols the intermittent drive of the motor means 
based on the output of the bubble detecting 
means. Thereby, the bubble removing operation 
can be efficiently performed. 

Moreover, display means for displaying the set 
value stored in the set value storing means may be 
provided. Thereby, the operator can change var- 
ious set values on an interactive basis. 

According to an aspect of the present inven- 
tion, a medical pump driving device comprises 
pump means for transferring liquid in a liquid chan- 
nel including a medical device, motor means for 
driving the pump, dial means for adjusting the 
number of rotations of the motor means, an operat- 
ing unit operating the dial means, first display 
means for displaying the number of rotations set 
by operating the dial means by the operation unit 
when the pump means is stopped, real number of 
rotations detecting means for detecting a real num- 
ber of rotations of the motor means while the pump 
is driving, and second display means for displaying 
a reaJ number of rotations detected by the real 
number of rotations detecting means, the operating 
unit operating the dial means based on the set 
number of rotations and the real number of rota- 
tions respectively displayed on the first and second 
display means, and adjusting the number of rota- 



tions of the motor means. 

According to the medical pump driving device 
of the present invention, the present set number of 
rotations is displayed by the first display means 
5 when the pump is stopped. Since the operator may 
monitor the display, and operate the dial in accor- 
dance with the. set number of rotations, the pump 
driving operation can be safely begun. Therefore, 
safety of operation can be improved, and the com- 

jo plication of operation can be overcome. 

Moreover, the medical pump driving device of 
the present invention further comprises corrected 
value calculating means for calculating a corrected 
value to correct the set number of rotations based 

75 on the set number of rotations and the real number 
of rotations, corrected value storing means for stor- 
ing the corrected value calculated by the corrected 
value calculating means, and number of rotations 
correcting means for correcting the set number of 

20 rotations by the corrected value stored in the cor- 
rected value storing means. 

According to the above-structured medical 
pump driving device, the present set number of 
rotations is displayed by the first display means 

25 when the pump is stopped. On the other hand, 
during the pump driving, the real number of rota- 
tions of the motor is detected, and the detected 
real number of rotations of the motor is displayed 
by the second display means. The corrected value 

30 is calculated from the real number of rotations and 
the set number of rotations, and the set number of 
rotations is corrected by the corrected value. 
Therefore, even after the the pump driving is start- 
ed, the first display section displays the correct set 

35 number of rotations at this time, and safety of 
operation can be improved. 

Moreover, the medical pump driving means of 
the present invention further comprises display 
changing means for changing the display of the 

40 first display means and that of the second display. 

Furthermore, the medical pump driving device 
of the present invention further comprises indicat- 
ing means for indicating whether first display 
means is used or second display means is used. 

45 The display by the first display means and the 
display by the second display means may be per- 
formed on the same screen. 

This invention can be more fully understood 
from the following detailed description when taken 

so in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematic view showing a priming 
system using a pump driving device of a first 
embodiment of the present invention; 
55 Fig. 2 is a front view showing an operation panel 
in the pump driving device of the first embodi- 
ment of the present invention; 
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Fig. 3 is a block diagram showing a circuit of the 
medical pump driving device relating to the first 
embodiment of the present invention; 
Fig. 4 is a characteristic view showing one ex- 
ample of the relationship between a setting volt- 
age and the number of rotations of the D.C. 
motor; 

Figs. 5A and 5B are flow charts explaining the 
number of rotations display operation of the 
pump driving device of the first embodiment, 
respectively; 

Fig. 6 is a block diagram showing a circuit of a 
control section of a medical pump driving device 
relating to a second embodiment of the present 
invention; 

Fig. 7 is a front view showing an operation panel 
in the medical pump driving device of the sec- 
ond embodiment of the present invention; 
Fig. 8 is a characteristic view showing a motor 
driving voltage waveform to be used in the 
pump driving device of the second embodiment; 
and 

Figs. 9A to 9E are flow charts explaining the 
number of rotations display operation of the 
pump driving device of the second embodiment, 
respectively. 

Embodiments of the present invention will be 
explained with reference to the drawings. 

Fig. 1 is a schematic view showing a priming 
system using a pump driving device of a first 
embodiment of the present invention. In the prim- 
ing system, there is provided an artificial lung 1 to 
be used as a medical device having a liquid chan- 
nel. 

In the housing of the artificial lung 1, a large 
number of bundles of porous hollow fiber mem- 
branes are contained. In the porous hollow fiber 
membranes, there are formed a large number of 
through pores, which are communicated the inner 
and outer portions of the membranes. A blood 
inflow port 1 1 is formed at the upper portion of the 
housing, and an blood outflow port 17 is formed at 
the lower portion of the housing. A blood chamber 
is formed between the blood inflow port 11 and the 
blood outflow port 17. The blood chamber is de- 
fined by the inner surface of the housing and the 
outer surface of the porous hollow fiber mem- 
branes, and functions as a blood channel. 

At the time of using the actual external circula- 
tion, vein blood taken out of the human body flows 
into the blood chamber of the artificial lungs 1 from 
the blood inflow port 11, and the vein blood con- 
tacts the outer surface of the porous hollow fiber 
membranes. Then, oxygen containing gas flows in 
the porous hollow fiber membranes. Oxygen in gas 
passes through the holes of the porous hollow fiber 
membranes and penetrates into blood. Then, oxy- 
gen-rich blood is passed through the blood outflow 



port 17 and returned to an artery of the human 
body from the artificial lung 1. 

In this case, since the porous hollow fiber 
membranes have a property in which gas is 
5 passed but liquid is not passed, the artificial lung 1 
itself also have the function as bubble removing 
means. 

The blood inflow port 1 1 of the artificial lung 1 
is communicated with a discharge port 13 of a 

to centrifugal pump 2 through a tube 12. A centrifugal 
pump 2 is used as the medical pump. A rotator of 
the centrifugal pump 2 is driven to be rotated by a 
motor 4. The rotator of the pump 2 is connected to 
the motor 4 by magnetic connecting means and 

rs the like. The motor 4 is connected to an output 
section of a motor driving device 5 so that the drive 
of the motor 4 is controlled. 

A container 3, in which harmless liquid to the 
human body such as Ringer's solution is contained, 

20 is provided at the upper stream side of the centri- 
fugal pump 2. The container 3 is communicated 
with the middle portion of a tube 16 through a 
branch pipe 15. One end of the tube 16 is commu- 
nicated with an inflow port 14 of the centrifugal 

25 pump 2. The other end of the tube 16 is connected 
to the blood outflow port 17 of the artificial lungs 1. 

A sensor 6 is provided in a tube 12 of the 
lower stream of the centrifugal pump 2 and con- 
nected to an input section of the motor driving 

30 device 5. The sensor 6 has a function of detecting 
whether or not bubbles are formed in the tube 12 
of the lower stream, and has a function of measur- 
ing the flow rate of liquid passing through the tube 
12. The sensor 6 is favorably used an ultrasonic 

35 sensor. 

An operation of the priming system will be 
explained. 

Ringer's solution passes through the branch 
pipe 15 and flows in the tube 16 from the container 

40 3, and further flows in the centrifugal pump 2 from 
the inflow port 14. Then, Ringer's solution is rotat- 
ed in the centrifugal pump 2, centrifugal force is 
applied to Ringer's solution. Thereby, Ringer's so- 
lution is forcefully sent to the blood inflow port 1 1 

45 of the artificial lung 1 from the discharge port 13. 

At this time, the bubbles adhered to the chan- 
nel of the centrifugal pump 2 and the inner wall of 
the tube 12 are moved to the inflow port 11 to- 
gether with Ringer's solution. The bubbles flow in 

so the blood chamber of the artificial lungs 1 together 
with Ringer's solution. The bubbles passes through 
the large number of holes of the porous hollow 
fiber membranes, and then, are discharged outside 
from the artificial lungs 1. Ringer's solution flows 

55 into the tube 16 from the blood outflow port 17 of 
the artificial lungs 1, and is further returned to the 
centrifugal pump 2. In this way, the bubbles are 
removed while Ringer's solution is circulated in a 
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circuit containing the centrifugal pump 2 and the 
artificial lungs 1 . 

An operation panel 20 of the pump driving 
device 5 will be explained with reference to Fig. 2. 

The operation panel 20 is structured such that 
an operator can easily manually operate the panel. 
The operation panel 20 comprises a start key 21 , a 
stop key 22, a message display 23, a dial 24, a 
display 25 displaying a number of rotations, and a 
liquid flow rate display 26. The start key 21 is used 
to instruct the motor 4 to start driving. The stop key 
22 is used to instruct the motor 4 to stop driving. 
The message display 23 is a liquid crystal display 
(LCD) for communicating various messages to the 
operator. The dial 24 is used to adjust the number 
of rotations of the centrifugal pump 2. The display 
25 is a display for indicating the setting number of 
rotations of the centrifugal pump 2 when the centri- 
fugal pump 2 is stopped, and displaying the real 
number of rotations of the centrifugal pump 2 when 
the centrifugal pump 2 is driven. The liquid flow 
rate display 26 is a display for indicating liquid flow 
rate such as Ringer's solution. 

On the upper portion of the display 25, there 
are provided a set display section 27A and a real 
display section 27B both which are formed of a 
light emitting diode (LED). The set display section 
27A informs that value display by the display 25 is 
the setting number of rotations when the centrifugal 
pump 2 is stopped. The set display section 27A is 
turned on when the centrifugal pump 2 is stopped. 
The real display section 27B informs that value 
display by the display 25 is the real number of 
rotations when the centrifugal pump 2 is driven. 
The real display section 27B is turned on when the 
centrifugal pump 2 is driven. 

A set key 28 is provided in the liquid flow rate 
display 26. The set key 28 is used to instruct a 
correcting operation to be explained later during 
the drive of the centrifugal pump 2. 

A control circuit of the display 25 of the pump 
driving device 5 will be explained with reference to 
Fig. 3. 

the pump driving device 5 comprises a central 
processing unit (CPU) 40. The CPU 40 is con- 
nected to each part of the device through a bus 41 
such as a data bus. A ROM 42 is a memory 
containing a program for performing various control 
of the pump driving device 5, and a program in 
which a difference between the setting number of 
rotations of the motor 4 and the real number of 
rotations is detected and a correction circulation is 
performed. A RAM 43 is a memory for temporarily 
storing various data necessary to perform the con- 
trol of the pump driving device 5. 

An EEPROM (Electrical Erasable Programma- 
ble Read Only Memory) 44 is a partially writable 
memory for storing a corrected value based on the 



difference between the setting number of rotations 
and the real number of rotations of the motor 4. It 
is noted that a backup of the RAM 43 may be 
formed and that the corrected value may be stored 

5 in the backup. 

A LED driving circuit 45 controls the display 25 
shown in Fig. 2 and an informing section 46, which 
is formed of the set display section 27A and the 
real display section 27B, based on a control signal 

jo sent from the CPU 40. 

Moreover, a keyboard interface circuit 48 is 
connected to the CPU 40. The keyboard interface 
circuit 48 sends various instruction signals to be 
outputted from a switching circuit 48, which is 

75 formed of keys 21, 22, and 28, to the CPU 40 or a 
motor driving circuit 50. 

In this case, a set signal to be outputted from 
the set key 28 (hereinafter called as "set signal") is 
passed through a line L1 and sent to the CPU 40. 

20 Also, a start signal to be outputted from the start 
key 21 (hereinafter called as "start signal"), and a 
stop signal to be outputted from the stop key 22 
(hereinafter called as "stop signal") are passed 
through a line L2 and sent to the motor driving 

25 circuit 50, respectively. 

The CPU 40 performs the correction calcula- 
tion of the set number of rotations of the centrifugal 
pump 2 based on the. program, which receives the 
set signal and stored in the ROM 42, and stores 

30 the corrected value in the EEPROM 44, and carries 
out the display of the value display 25 based on 
the corrected set number number of rotations. It is 
noted that an inner set switch 49 is connected to 
the CPU 40 and that the CPU 40 does not perform 

35 the corrected calculation in the case that the inner 
set switch 49 is not pressed. 

A motor driving circuit 50 starts the drive of the 
motor 4 on receipt of the start signal, and stops the 
drive of the motor 4 on receipt of the stop signal to 

40 be outputted from the stop key 22. 

A variable resistor 51 is connected to the motor 
driving circuit 50. A reference voltage is applied to 
the variable resistor 51 from a voltage terminal 52, 
and a division voltage value of the reference volt- 

45 age is applied to the motor 4 by the motor driving 
circuit 50. Then, if the dial 24 is rotated, the di- 
visional voltage value of the reference voltage can 
be changed. 

The motor 4 serving as a driving source of the 

so centrifugal pump 2, D.C. motor, whose number of 
rotations can be easily controlled, is generally 
used. The number of rotations of the D.C. motor is 
proportional to the driving voltage. Due to this, if 
the variable reference voltage is current-amplified 

55 and applied to the motor, the number of rotations 
can be easily controlled. 

Fig. 4 is a graph showing the relationship be- 
tween the control voltage (V) of the number of 
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rotations of the motor (horizontal axis) and the 
number of the rotations (RPM) (vertical axis) relat- 
ing to the D.C. motor. As is obvious from the 
figure, the number of rotations of the D.C; motor is 
proportional to the control voltage (set voltage). 

As shown in Fig. 3, the divisional voltage out- 
putted from the variable resistor 51 is also applied 
to a positive input terminal of an operational am- 
plifier 53. A negative input terminal of the oper- 
ational amplifier 53 is connected to the output 
terminal. Moreover, the output terminal is connect- 
ed to an input terminal of an A/D converter 54. 

The operational amplifier 53 is used to prevent 
the divisional voltage to the motor driving circuit 50 
from being changed. In other words, the oper- 
ational amplifier 53 has a function in which the 
influence of the voltage variation of the A/D con- 
verter 54 is not exerted on the motor driving circuit 
50. 

The A/D converter 54 converts the divisional 
voltage (analog value) outputted from the operation 
amplifier 53 to a digital value, and outputted to the 
CPU 40. The CPU 40 calculates the set number of 
rotations of the centrifugal pump 2 based on the 
output signal from the A/D converter 54, and con- 
trols the display 25 to display the calculated set 
number of rotations. At this time, the CPU 40 turns 
on the set display section 27A and turns off the 
real display section 27B. The operator can confirm 
the set number of rotations by seeing the turn-on 
of the set display section 27A. 

A sensor 56 for detecting the number of rota- 
tions is provided close to the motor 4. The sensor 
56 detects the real number of rotations of the 
motor 4 at the time of the drive of the centrifugal 
pump 2. The sensor 56 has a function of supplying 
pulse signals to a counter 55 through the motor 
driving circuit 50 and a line L4 in accordance with 
the real number of rotations. 

The counter 55 counts the number of pulse 
signals, and sends the counted pulse signals to the 
CPU 40. The CPU 40 calculates the real number of 
rotations of the motor 4 on receipt of the the 
counted pulse signals, and controls the display 25 
to display the calculated real number of rotations. 
At this time, the CPU 40 turns off the set display 
section 27A and turns on the real display section 
27B. The operator can confirm the real number of 
rotations by seeing the turn-on of the real display 
section 27B. 

A display operation of the number of rotations 
of the medical pump device 5 of a first embodi- 
ment will be explained with reference to the flow 
charts of Rgs. 5A and 5B. 

If a power switch (not shown) is turned on (step 
100; YES), the CPU 40 performs an initializing 
(step 101). If the initializing is ended, the CPU 40 
turns on LED of the set display section 27A, and 



maintains the turn-off state of LED of the real 
display section 27B (step 102). 

The CPU 40 takes in the division voltage value 
outputted from the variable resistor 51 through the 
5 A/D converter 54, and calculates the set number of 
rotations (step 103). Then, the set number of rota- 
tions is divided by the corrected value, thereby 
obtaining a corrected number of rotations (step 

104) . In this case, since an initial value of the 
w corrected value is "1", this corrected number of 

rotations is equal to the set number of rotations. 
Sequentially, the CPU 40 controls the display 25 to 
display the corrected number of rotations (step 

105) . 

75 Thereafter, if the operator turns on the start key 
21 (step 106; YES), the start signal is sent to the 
motor driving circuit 50 through a line L2. If the 
start signal enters the motor driving circuit 50, the 
motor 4 is rotated at the set number of rotations, 

20 and the centrifugal pump 2 is started up. 

While the centrifugal pump 2 is driving, the set 
display section 27A is turned off, and the real 
display section 27B is turned on (step 107). After 
passing a fixed time (step 108), the CPU 40 cal- 

25 culates the real number of rotations based on the 
count pulse to be outputted from the counter 55 
(step 109), and controls the display 25 to display 
the real number of rotations (step 110). 

After a predetermined time is passed from the 

30 drive beginning of the centrifugal pump 2, the CPU 
40 discriminates whether or not the stop key 22 is 
turned on (step 111). If the stop key 22 is turned 
on (YES), the CPU 40 returns to step 102. If the 
stop key 22 is turned off (NO), the CPU 40 goes to 

35 step 112 shown in Fig. 5B, and discriminates 
whether or not the set key 28 is turned on (step 
112). If the set key 28 is turned on (YES), the CPU 
40 discriminates whether or not the inner set switch 
49 is turned on (step 113; YES or NO). If the inner 

40 set switch 49 is turned on (YES), the CPU 40 
discriminates whether or not the flow rate of liquid 
(Ringer's solution) is within "a real using range of 
liquid flow rate" (step 114; YES or NO). It is noted 
that the discrimination of step 114 is performed 

45 based on a real liquid flow rate measured by the 
sensor 6. The significance of such discrimination 
lies in preventing excessive amount of liquid from 
flowing in the human body so as to ensure safety. 
In this case, the "real using range of liquid flow 

so rate" is is a range of the flow rate, which is deter- 
mined by the amount of blood flowing in the hu- 
man body in the normal condition. 

If the flow rate is within the real using range 
(YES), the CPU 40 obtains the real number of 

55 rotations of the motor 4 from the latest pulse sig- 
nal. Further, the CPU 40 obtains a corrected value 
from the real number of rotations and the set 
number, of rotations (= the set number of rotations 
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is divided by the real number of rotations) (step 

115) . Then, the set number of rotations is corrected 
by use of the corrected value. 

It is preferable that the calculation of the cor- 
rected value is not performed in the case that the 
real number of rotations of the motor 4 deviates 
from the real using range too much. Moreover, if 
the. calculated corrected value is extremely large, 
the number of rotations is not preferably corrected 
since it is considered that a trouble occurs in some 
portions. 

Sequentially, the CPU 40 controls the correct- 
ed value to be stored in the EEPROM 44 (step 

116) , and goes back to step 108. If the set key 28 
is not turned on (step 112; NO), the inner set 
switch 49 is not turned on (step 113; NO), or the 
flow rate is not in the real using range (step 114; 
NO), the CPU 40 determines that the correction is 
not needed, and goes back to step 1 08. 

According to the pump driving device 5 of the 
first embodiment, before the centrifugal pump 2 is 
used, that is, when the centrifugal pump 2 is stop- 
ped, the set display section 27A is turned on, and 
the corrected set number of rotations is displayed 
on the display 25 based on the corrected value 
stored in the EEPROM 44. Therefore, the operator 
may the dial 24 as watching the displayed set 
number of rotations. Due to this, it is possible to 
save the troublesome in which the scale of the dial 
24 is once returned to the minimum value and the 
number of rotations is increased. As a result, the 
operator can start safely the pump driving opera- 
tion, so that the operator is relieved from the com- 
plicated operation. 

Moreover, according to the pump driving de- 
vice 5 of the first embodiment, while the centrifugal 
pump 2 is driving, the difference between the set 
number of rotations and the reaJ number of rota- 
tions is detected, the corrected value of the set 
number of rotations is obtained based on the dif- 
ference, and the corrected value is stored in the 
EEPROM 44. Then, the set number of rotations is 
renewed by use of the corrected value. Therefore, 
after renewing the set number of rotations, the set 
number of rotations having high precision is dis- 
played on the display 25, and reliability of the 
operation is improved. 

Moreover, as long as the inner set switch 49 is 
provided and is not turned on, the correcting cal- 
culation is not performed. Due to this, the safe 
operation can be performed since there is no pos- 
sibility that a third party will change the set number 
of rotation without the operator's permission. 

The present invention has been explained by 
the above embodiment. However, the present in- 
vention is not limited to the above embodiment, 
and various modifications may be made in the 
range of the gist of the present invention. 



For example, in the above first embodiment, in 
order to ensure safety, the start signal and the stop 
signal were directly supplied to the motor driving 
circuit 50 without sending the start signal and the 

5 stop signal to the CPU 40, respectively. However, 
in the case that operator is able to take no notice of 
safety, the set signal, the start signal, and the stop 
signal are once sent to the CPU 40, and these 
signals serving as control signals may be supplied 

70 to the motor driving circuit 50 from the CPU 40. 

According to the above first embodiment, in 
the operation panel 20, the set display section 27A 
and the real display section 27B were provided on 
the display 25 and the set number of rotations of 

is the motor 4 and the real number of rotations were 
informed the operator. However, for displaying the 
real number of rotations without providing the dis- 
play sections 27A and 27B, the discrimination be- 
tween the set display and real display may be 

20 performed by blinking the display 25. 

Moreover, the discrimination between the set 
display and the real display may be performed by 
two-color-emitting the display 25. Thereby, the oc- 
cupied space of the display 25 can be reduced. 

25 A second embodiment will be explained. The 
explanation of the portions, which are common to 
the portions of the first embodiment, will be omit- 
ted. 

A medical pump driving device of the second 
30 embodiment is incorporated in the priming system 
of Rg. 1. 

As shown in Rg. 6, a motor 204 is controlled to 
be constantly or intermittently rotated by a motor 
driving circuit 250. By controlling the rotation of the 

35 motor 204, liquid is constantly or intermittently 
transferred by the centrifugal pump 2. 

According to the priming system of the second 
embodiment, since the centrifugal pump 2 is inter- 
mittently driven by the motor 204, a predetermined 

40 amount of Ringer's liquid is intermittently sent to 
the tube 12 from the discharge port 13 at a pre- 
determined at a predetermined time distance. 
Since Ringer's liquid is intermittently transferred, a 
bubble adhered to the inner wall of the liquid 

45 channel of the tube 12 and the like is efficiently 
separated from the inner wall of the channel by the 
strength and weakness of the flow of Ringer's 
liquid. Thereafter, in the artificial lug 1, the bubble 
is removed outside. In this case, the bubble mov- 

50 ing in the tube 12 is detected by the sensor 6. 

As shown in Rg. 7, an operation panel 220 is 
provided in the pump driving device 5. In the 
operation panel 220, there are various type of keys 
such as a start key 221, a stop key 222, a priming 

55 key 223, a mode key 224, an up key 225, and a 
down key 226 are arranged. The start key 221 is a 
key by which an operator indicates the normal 
constant driving. The stop key 222 is a key by 
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which the operator stops the drive of the motor 
204. The priming key 223 is a key by which the 
operator indicates the intermittent drive of the mo- 
tor 204. The mode key 224 is a key by which the 
operator changes various set values for the inter- 
mittent drive of the motor 204 to a predetermined 
set mode. The up key 225 is a key by which the 
operator increases the set value of the number of 
rotations of the motor 204. The down key 226 is a 
key by which the operator decreases the set value 
of the number of rotations of the motor 204. 

If the priming key 223 is depressed two times, 
a release signal of a priming signal is outputted 
similar to the case of the stop key 222. Moreover, 
every time the mode key 224 is depressed, the set 
mode is different, so that the set value having 
different voltage and driving time can be changed. 

Moreover, the operation panel 220 comprises a 
message display 227, a dial 228, a number of 
rotations display 229, and a liquid flow rate display 
230. The message display 227 is formed of a liquid 
crystal display (LCD) for giving various messages 
to the operator. The dial 228 is used to control the 
number of rotations of the centrifugal pump 2. The 
number of rotations display 229 is used to display 
the number of rotations of the motor 204. The 
liquid flow rate display 230 is used to display the 
liquid flow rate of Ringer's liquid and the like. 

Fig. 6 is a block diagram showing the main 
parts of the circuit structure of the pump driving 
device 5. The pump driving device 5 comprises a 
CPU 240. The CPU 240 is connected to each part 
of the device through a bus 241 such as data bus. 
A ROM 242 is a memory in which a program for 
performing various types of control of the pump 
driving device 5. A RAM 243 is a memory for 
temporarily storing various data necessary to per- 
form the control of the pump driving device 5. 

An EEPROM 244 is a nonvolatile memory, . 
which is partially selectively changeable, and which 
is used to store various types of set values such as 
a priming high voltage (e.g., 8V) for intermittently 
driving the centrifugal pump 2, a priming low volt- 
age (e.g., 1V), driving time (e.g., 2 seconds) at the 
priming high voltage, driving time (e.g., 1 second) 
at the priming low voltage, and one cycle (e.g., 3 
seconds) of the intermittent driving. 

Moreover, the message display 227 is con- 
nected to the CPU 240. The message display 227 
interactively displays various types of messages 
during the drive of the motor. 

Furthermore, a keyboard interface circuit 245 is 
connected to the CPU 240. The keyboard interface 
circuit 245 sends signals, which except the start 
signal and the stop signal from the various types of 
signals outputted from a switch circuit 246 com- 
prising keys 221 to 226. to the CPU 240. In this 
case, the "start signal" is a signal, which is output- 



ted from a line L6 through the start key 221 , and 
the "stop signal" is a signal, which is outputted 
from a line L7 through the stop key 222. 

v The CPU 240 outputs a priming signal on re- 
5 ceipt of the signal outputted from the priming key 
223. The CPU 240 receives the signal outputted 
from the mode key 224, and sets the mode to a set 
value change mode in which the set value of the 
intermittent drive stored in the EEPROM 244 is 

w changeable. In the set value change mode, every 
time the up key 225 or the down key 226 is turned 
on, the set value is changed. 

The priming signal is passed through the line 
L5, and supplied to one input terminal of an OR 

75 circuit 249 and one input terminal of a multiplexer 
247, respectively. The start signal, which is output- 
ted from the keyboard interface circuit 245, or the 
stop signal is supplied to the other input terminal of 
the OR circuit 249 and the other input terminal of 

20 the multiplexer 247, respectively. 

The OR circuit 249 supplies the priming signal 
or the start signal (or stop signal) to the motor 
driving circuit 250. The motor driving circuit 250 
controls the drive of the motor 204 on receipt of 

25 these signals. In other words, in the case that the 
priming signal enters the circuit 250, the motor 204 
is intermittently driven. On the other hand, in the 
case that the start signal enters the circuit 250, the 
motor 204 is driven at a constant speed. Also, in 

30 the case that the stop signal enters the circuit 250, 
the drive of the motor 204 is stopped. 

The multiplexer 247 has a function of selecting 
either the inputted priming signal or the start signal 
(or stop signal) and outputting a switch signal to an 

35 analog switch 248 through a line L8 based on the 
selected signal. 

The analog switch 248 changes a movable 
contact 248c to a fixed contact 248a or a fixed 
contact 248b in accordance with the content of the 

40 . switch signal. In other words, in the case that the 
priming signal is selected by the multiplexer 247, 
the movable contact 248c is changed to the fixed 
contact 248a as shown in the broken line of the 
figure. On the other hand, in the case that the start 

45 signal (stop signal) is selected by the multiplexer 
247, the movable contact 248c is changed to the 
fixed contact 248b as shown in the solid line of the 
figure. The movable contact 248c of the analog 
switch 248 is connected to the motor driving circuit 

so 250. 

The fixed contact 248b of the analog switch 
248 is connected to a slider 253a of a variable 
resistor 253 for adjusting the number of rotations. 
The variable resistor 253 is connected to the motor 
55 driving circuit 250. In the case that the movable 
contact 248c is changed to the fixed contact 248b, 
the motor driving circuit 250 drives the motor 14 at 
the constant speed based on a voltage value set 
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by the variable resistor 253, that is, the number of 
rotations. In this case, the voltage value is adjusted 
by that the operator rotates the dial 228. 

Another fixed contact 248a of the analog switch 
248 is connected to the CPU 240 through an D/A 
(digital/analog) converter 251 : If the priming key 
223 is turned on, the CPU 240 outputs the priming 
signal and outputs a set value for intermittent drive 
of the voltage value stored in advance from the 
EEPROM 244. The set value data signal is output- 
ted to the D/A converter 251 through a line L9. The 
D/A converter 251 converts the set value data 
signal (digital signal) outputted from the CPU 240 
to an analog signal, and supplies the analog signal 
to the fixed contact 248a of the analog switch 248. 

The set value data signal supplied to the fixed 
contact 248a is supplied to the motor driving circuit 
250 through the movable contact 248c. The motor 
driving circuit 250 has a function of intermittently 
driving the motor 204 based on the set value data 
signal. 

Rg. 8 shows a waveform characteristic show- 
ing one example of a pulse waveform of a motor 
driving voltage in a state that a horizontal axis 
shows time (second) and a vertical axis is a motor 
driving voltage. If the priming key 223 is turned on, 
the priming high voltage is supplied for time T1, 
thereafter priming low voltage is supplied for time 
T2. 

Going Back to the Rg. 6, and the explanation 
will be continued. In the motor 204, there is pro- 
vided a motor rotation detecting sensor (not shown) 
formed of, for example. Hole element. A rotation 
detecting pulse signal is supplied to a counter 252 
from the sensor through the motor driving circuit 
250. The counter 252 counts the number of sup- 
plied pulses, and the counted number of pulses is 
supplied to the CPU 240. The CPU 240 calculates 
the number of rotations of the motor 204 based on 
the number of pulses, and display the number of 
rotations on the display 229. 

the bubble detecting sensor 6 is connected to 
the CPU 240 through a bubble detecting circuit 
255. The bubble detecting circuit 255 sends a 
bubble detection signal to be outputted from the 
sensor 6 to the CPU 240. In the case that the 
bubble detection signal is not inputted within a 
fixed time by a timer built in the CPU 240, the CPU 
240 discriminates that the priming operation is un- 
necessary, and stops the output of the priming 
signal. 

An operation of a pump control operation of the 
medical pump of the second embodiment will be 
explained in detail with reference to Rgs. 9A to 9E. 

If the power of the CPU 240 is turned on (step 
300; YES), an initialization processing for each part 
is performed (step 301), thereafter the message 
display 220 displays a ready display (302). 



The CPU 240 discriminates whether or not 
either the start key 221 or the priming key 223 is 
turned on. If the start key 221 is turned on (step 
303; YES), the keyboard interface circuit 245 out- 

5 puts a start signal to the motor driving circuit 250 
through the OR circuit 249, and outputs a switch 
signal to the analog switch 248 through the mul- 
tiplexer 247. The movable contact 248c of the 
analog switch 248 is connected to the fixed contact 

io 248b. Thereby, the motor driving circuit 248 starts 
the constant drive of the motor 204 by the number 
of rotations based on the voltage value predeter- 
mined in advance by the variable resistor 253 (step 
304). 

75 Thereafter, in the case that the stop key 222 is 
turned on by the operator (step 305; YES), the 
drive of the motor 204 is stopped (step 306), and 
the operation is returned to the step 302. 

On the other hand, in the case that the start 

20 key 221 is not turned on and the priming key 223 
is turned on (step 303; NO), the CPU 240 discrimi- 
nates that the priming signal is on (step 308), and 
outputs the priming signal to the motor driving 
circuit 250 through the OR circuit 249, and outputs 

25 the multiplexer 247. The multiplexer 247 outputs a 
switch signal to the analog switch 248 on receipt of 
the signal, and changes the movable contact 248c 
of the analog switch 248 to the fixed contact 248a. 
Thereby, the motor driving circuit 250 intermittently 

30 drives the motor 204 based on the predetermined 
set value. 

In other words, the priming high voltage shown 
in Rg. 8 is outputted (step 309). After passing set 
time T1 (step 310; YES), the priming low voltage is 

35 outputted (step 311). Then, if the set time T2 is 
passed (step 312;YES), the operation goes back to 
the step 308. If the start key turned on (step 313; 
YES) before set time T2 is not passed (step 312; 
NO), the CPU 240 first performs the normal opera- 

40 tion, and turns off the priming signal (step 314). 
Thereafter, the operation goes back to step 304, 
and the above-mentioned normal drive is executed. 

As shown in Rgs. 9A and 9B, if the start key is 
not turned on (NO) in the step 313, the CPU 240 

45 discriminates whether the priming key 223 is 
turned on again or the stop key 222 is turned on 
(step 315). If either the priming key 223 or the stop 
key 222 is turned on (YES), the priming signal is 
turned off (step 316), and the intermittent drive is 

so stopped, and the operation goes back to the step 
302. 

On the other hand, if both keys are turned off 
(step 315; NO), the CPU 240 discriminates whether 
or not the bubble detection signal sent from the 
55 sensor 6 is detected within a fixed time (step 317). 
In the case that the bubble detection signal is not 
detected after passing the fixed time (YES), the 
priming signal is turned off (step 316), the opera- 
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tion goes back to step 302. Also, in the case that 
the bubble detection signal is detected after pass- 
ing the fixed time (NO), the operation goes back to 
step 312. 

If the operation goes back to the step 310 of 
Fig. 9A again, and the start key 221 is turned on 
before set time T1 is passed (step 318; YES), the 
CPU 240 turns off the priming signal (step 314), 
and the intermittent drive is stopped. The operation 
goes back to the step 304, and the normal opera- 
tion is started. 

As shown in Fig. 9C, in the step 310, when the 
priming key 223 is turned on again or the stop key 
222 is turned on (step 319; YES) without turning on 
the start key 221 (step 318; NO), the CPU 240 
turns off the priming signal (step 320), and stops 
the driving, and the operation goes back to the 
step 302. 

Moreover, if both keys are turned off (step 319; 
NO), the CPU 240 discriminates whether or not the 
bubble detection signal is detected from the sensor 
6 for a fixed time (step 321). If the bubble detection 
signal is not detected after passing the fixed time 
(YES), the priming signal is turned off (step 320), 
thereafter the operation goes back to the step 302. 
Also, if the bubble detection signal is detected after 
passing the fixed time (NO), the operation goes 
back to the step 310. 

An operation of the case in which the mode 
key 224 is turned on, and an operator changes 
various types of set values for intermittent drive will 
be explained with reference to Figs. 9D and 9E. 

In a state that neither start key 221 nor priming 
key 223 is turned on (step 307; NO), if the mode 
key 224 is turned on (step 322; YES), the priming 
high voltage is displayed on the message display 
227 by the CPU 240 (step 323). 

Thereafter, the CPU 240 discriminates whether 
or not the mode key 224 is turned on again (step 

324) . Then, if the mode key 224 is not turned on 
(NO), the CPU 240 discriminates whether or not the 
up key 225 or the down key 226 is turned on (step 

325) . 

In the case that the up key 225 is turned on, 
the priming high voltage value is increased in ac- 
cordance with the number of the turn-on of the up 
key 225. On the other hand, in the case that the 
down key 226 is turned on, the priming high volt- 
age value is decreased in accordance with the 
number of the turn-on of the down key 226 (step 

326) . Thereafter, thee operation goes back to step 
323, and the changed priming high voltage is dis- 
played on the message display 227. 

In step 324, if the mode key 224 is turned on 
again (YES), the CPU 240 stores the first priming 
high voltage value or the changed, priming high 
voltage value in EEPROM 244 (step 327). Sequen- 
tially, the CPU 240 displays the driving time T1 of 



the priming high voltage on the message display 
227 (step 328), and the operator again discrimi- 
nates whether or not the mode key 224 is turned 
on (step 329). 

5 If the mode key 224 is not turned on (NO), the 

CPU 240 discriminates whether or not the up key 
225 or the down key 226 is turned on (step 330). In 
the case that the up key 225 is turned on, the 
driving time T1 is increased in accordance with the 

70 number of the turn-on of the up key. On the other 
hand, in the case that the down key 226 is turned 
on, the driving time T1 is decreased in accordance 
with the number of the turn-on of the down key 
(step 331). Thereafter, thee operation goes back to 

15 step 328, and the changed driving time T1 is 
displayed on the message display 227. 

In the step 329, if the mode key 224 is turned 
on again (YES), the CPU 240 stores the first driving 
time T1 or the changed driving time T1 in EEPR- 

20 OM 244 (step 332). Sequentially, the CPU 240 
displays the priming low voltage value on the mes- 
sage display 227 (step 333), and the operator again 
discriminates whether or not the mode key 224 is 
turned on (step 334). 

25 If the mode key 224 is not turned on (NO), the 
CPU 240 discriminates whether or not the up key 

225 or the down key 226 is turned on (step 335). In 
the case that the up key 225 is turned on, the 
priming low voltage value is increased in accor- 

30 dance with the number of the turn-on of the up key. 
On the other hand, in the case that the down key 

226 is turned on, the priming low voltage value is 
decreased in accordance with the number of the 
turn-on of the down key (step 336). Thereafter, 

35 thee operation goes back to the step 333, and the 
changed priming low voltage value is displayed on 
the message display 227. 

In the step 334, if the mode key 224 is turned 
on again (YES), the CPU 240 stores the first prim- 

40 ing low voltage value or the changed priming low 
voltage value in EEPROM 244 (step 337). There- 
fore, the CPU 240 displays the driving time T2 of 
the priming low voltage on the message display 

227 (step 338). 

45 Sequentially, the CPU 240 discriminates wheth- 
er or not the mode key 224 is not turned on (NO) 
again (step 339). If the mode key 224 is not turned 
on (NO), it is discriminated whether or not the up 
key 225 or the down key 226 is turned on (step 

so 340). In the case that the up key 225 is turned on, 
the driving time T2 is increased in accordance with 
the number of the turn-on of the up key. On the 
other hand, in the case that the down key 226 is 
turned on, the driving time T2 is decreased in 

55 accordance with the number of the turn-on of the 
down key (step 341). Thereafter, the operation 
goes back to step 338, and the changed driving 
time T2 is displayed on the message display 227. 
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In the step 339, if the mode key 224 is turned 
on again (YES), the CPU 240 stores the first driving 
time T2 value or the changed driving time T2 in 
EEPROM 244 (step 342). Therefore, the CPU 240 
goes back to the operation of step 302. 5 

According to the pump driving device 5 of the 
second embodiment, the centrifugal pump 2 can 
be intermittently driven, so that the bubbles in the 
tube 12 and the artificial lungs 1 can be efficiently 
removed. Moreover, since the bubble removing op- w 
eration is automatically performed, the operator's 
the manual operation is not needed during the 
operation. Therefore, the operator can perform the 
other work during the operation, and easily deal 
with a case of emergency. is 

Moreover, the set value of the voltage and the 
like for the intermittent drive can be displayed on 
the message display 227, and the set value can be 
changed in the form of interaction with the mes- 
sage display 227. Due to this, the operator's opera- 20 
tion is extremely made easy. 

The present invention has been explained by 
the above embodiment. However, the present in- 
vention is not limited to the above embodiment, 
and various modifications may be made in the 25 
range of the gist of the present invention. 

For example, in the above second embodi- 
ment, the set value was changed by the up key 
225 or the down key 226. However, the change of 
the set value may be made by a ten key. 30 

Moreover, in the above embodiment, the 
changed set value was stored in EEPROM 244. In 
place of EEPROM 244, a backup of the RAM 243 
may be formed and that the changed value may be 
stored therein. 35 

Furthermore, in the above embodiment, the set 
value can be easily changed by depressing the up 
key 225 in the case that the set value change 
mode is set by the mode key 224. However, in 
order to prevent the set value from being easily 40 
changed by a person not concerned, the mode key 
may be provided in the inside of the device. Or, 
there may be provided the structure in which the 
set value change mode can not be set unless the 
power of the device is turned on as depressing a 45 
specific key. 

In the above embodiment, in order to ensure 
safety, the start signaJ outputted from the start key 
221 and the stop signal outputted from the stop 
key 222 were directly supplied to the motor driving so 
circuit 250 without sending these signals to the 
CPU 240. However, in the case that there is little 
trouble in safety, similar to the other signals, these 
signals may be sent to the CPU 240, and outputted 
as control signals from the CPU 240 to the motor 55 
driving circuit 250. 

As mentioned above, according to the medicaJ 
pump driving device of the present invention, the 



operator can easily recognize the set number of 
rotations of the motor (centrifugal pump). There- 
fore, the operator can safely operate the medical 
equipment such as the artificial lungs without taking 
care of the dial scale (set value) on the operation 
panel. Particularly, according to the present inven- 
tion, there is merit in that the operation at the time 
of starting the pump can be easily performed. 

Moreover, according to the device of the 
present invention, the motor can be intermittently 
driven, and the bubble in the liquid channel can be 
automatically and efficiently removed for short 
time. Therefore, at the time of the auxiliary circula- 
tion, the operator does not execute the complicated 
priming operation as in the prior art. 

Furthermore, according to the device of the 
present invention, since the first mode in which the 
motor is driven at a constant speed and the second 
mode in which the motor is intermittently driven 
can be switched, the operator can freely select the 
constantly driving motor and the intermittently driv- 
ing motor. 

Claims 

1. A medical pump driving device characterized 
by comprising: 

pump means (2) for transferring liquid in a 
liquid channel (12, 16) including a medical 
device (1); 

motor means (4, 204) for driving said 
pump means (2); 

dial means (24) for adjusting the number 
of rotations of said motor means (4, 204); 

an operating unit operating said dial 
means (24); 

first display means (25, 27A) for displaying 
the number of rotations set by operating said 
dial means (24) by said operating unit when 
said pump means (2) is stopped; 

detecting means (55) for detecting a real 
number of rotations of said motor means (4, 
204) while said pump means (2) is driving; and 

second display means (25, 27B) for dis- 
playing the real number of rotations detected 
by said detecting means (55), 

said operating unit operating said dial 
means (24) based on the set number of rota- 
tions and the real number of rotations respec- 
tively displayed on said first and second dis- 
play means (25, 27A, 27B), and adjusting the 
number of rotations of said motor means (4, 
204). 

2. The medical pump driving device according to 
claim 1, further comprising calculating means 
(40) for calculating a corrected value to correct 
the set number of rotations based on the set 
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number of rotations and the real number of 
rotations; 

storing means (43, 44) for storing the cor- 
rected value calculated by said calculating 
means; and 5 

correcting means for correcting that the 
set number of rotations of said motor means 
(4, 204) by said corrected value stored in said 
storing means (43, 44). 

10 

3. The medical pump driving device according to 
claim 1, further comprising display changing 
means for changing the display of said first 
display means and that of said second display. 

15 

4. The medical pump driving device according to 
claim 1, further comprising indicating means 
for indicating whether said first display means 
is used or said second display means is used 

so as to carry out the display by said first 20 
display means and the display by said second 
display means on the same display. 

5. The medical pump driving device according to 
claim 1, further comprising control means (50, 25 
51, 52) for controlling the drive of said motor 
means (4). 

6. The medical pump driving device according to 
claim 1, further comprising an operation panel 30 
(20) on which said dial means (24) arid said 

first and second display means (23, 25). 

7. The medical pump driving device according to 
claim 1, wherein said detecting means in- 35 
eludes a pulse generator (56) and a counter 
(55). 
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